We isolated and identified AHL-degrading bacteria from the leaf surface of Solanum tuberosum. The 16 isolates inactivated both short-and long-chain AHLs. Two of these isolates, identified as Microbacterium testaceum, showed putative AHL-lactonase activity. These two strains interrupted quorum-sensing dependent bacterial infection by plant pathogen Pectobacterium carotovorum subsp. carotovorum. M. testaceum strains, which were isolated in this study, might be useful in the biocontrol of plant diseases.
Quorum sensing is a cell-cell communication mechanism that depends on cell population density in bacteria. 1, 2) In many gram-negative bacteria, several kinds of N-acyl-L-homoserine lactone (AHL) have been identified as signal compounds involved in this mechanism, and they are called autoinducers. 1, 2) AHL-mediated quorum sensing regulates the expression of many genes, responsible for bioluminescence, the production of pigments and antibiotics, and other processes.
2) Many gram-negative plant pathogens produce AHLs and regulate their virulence by AHL-mediated quorum sensing.
3) For instance, Pectobacterium carotovorum (Erwinia carotovora), which causes soft rot diseases in many plant species, induces the production of various exoenzymes and plant tissue maceration by AHLs. 4) Pantoea stewartii and P. ananatis produce AHLs and regulate EPS biosynthesis and infection of plants. 5, 6) In general, AHL-negative mutants, show defects in pathogenicity, and it is expected that disrupting or manipulating quorum-sensing signals causes inhibition of the expression of virulence and of infection of host cells.
Recently, many AHL-degrading bacteria and enzymes have been screened and utilized in the biocontrol of plant diseases. AHL lactonase encoded genes, aiiA and ahlD, were cloned from Bacillus sp. strain 240B1 and Arthrobacter sp. strain IBN110 respectively. 7, 8) The expression of AHL-lactonase in transformed P. carotovorum significantly attenuates pathogenicity in some crops. 7) In plants, AHL-degrading bacteria markedly reduced the pathogenicity of Pectobacterium carotovorum in potato tubers. 9,10) AHL-degrading bacteria have been isolated from various sources, including soil samples, the rhizosphere, and fish intestines. 8, 10, 11) In this study, we focused on nonpathogenic leaf-associated bacteria, which can exist in plant hosts without causing disease symptoms. We screened AHL-degrading bacteria from the leaf surface of potato (Solanum tuberosum) and evaluated their potential use in the biocontrol of plant diseases.
Potato leaves were collected from plants cultivated for commercial purposes in Nagasaki and Fukuoka Prefectures, Japan. The leaves were washed with a buffer (15 mM phosphate buffer, pH 7.0) and sonicated to release the microbial cells attached on them. The buffer containing the microbial cells was spread on King B medium agar (Eiken Chemical, Tokyo) containing 50 mg/ml of cycloheximide, and the plates were incubated in the dark at 25 C for 72 h. Thereafter, bacterial colonies were randomly selected from among those that grew on the medium. A total of 109 isolates from 24 different leaves were examined for further study. AHL-degrading bacteria were screened using AHL biosensors Chromobacterium violaceum CV026 and VIR07, which respond to short-chain (CV026) and long-chain (VIR07) AHL respectively, by producing the purple pigment violacein. 12, 13) Escherichia coli MG1655 was used as a control strain without AHL-degrading activity. Bacillus cereus ATCC 14579 was used the known AHL-degrading strain. 14) For the first screening, N-hexanoyl-L-homoserine lactone (C6-HSL) was used as the target molecule in a degradation assay. Bacterial strains were inoculated into 4 ml of tryptic soy broth (TSB; Becton Dickinson, Tokyo) medium containing 1 or 10 mM C6-HSL, and were incubated for 15 h at 30 C. Cells were removed by centrifugation at 12;000 Â g for 5 min. The culture supernatants (50 ml) were transferred into the wells of a 96-well plate. The full-grown culture of the CV026 biosensor was diluted 1:100 in fresh TB medium, and 500 ml of the diluted culture was inoculated into each well. After incubation for 24 h at 30 C with shaking, the remaining C6-HSL was detected as violacein production by the C. violaceum reporter strain. As for the results of y To whom correspondence should be addressed. Tel/Fax: +81-28-689-6176 ex. 6176; E-mail: morohosi@cc.utsunomiya-u.ac.jp Biosci. Biotechnol. Biochem., 73 (9), [2124] [2125] [2126] [2127] 2009 Note AHL-degrading assay, 16 isolates completely degraded 1 mM C6-HSL within 24 h. Additionally, 15 isolates, excluding StLB014, also completely degraded 10 mM C6-HSL under the same conditions (Table 1) . To determine the long-chain AHL-degrading activity of the AHL-degrading isolates, N-decanoyl-L-homoserine lactone (C10-HSL) was used as the target molecule. All isolates degraded C10-HSL with high or low activity (Table 1) . To check degrading activities against 3-oxosubstituted AHLs, N-(3-oxohexanoyl)-L-homoserine lactone (3OC6-HSL) and N-(3-oxodecanoyl)-L-homoserine lactone (3OC10-HSL) were used as target molecules. All the isolates also degraded these 3-oxo-substituted AHLs (Table 1) . These results indicate that all the isolates had the ability to degrade the various structures of AHLs.
To identify the bacterial species, the 16S rRNA gene-encoding regions were amplified by PCR using previously described primers, 63f (5 0 -CAGGCCTAAC-ACATGCAAGTC-3 0 ) and 1387r (5 0 -GGGCGGTGTG-TACAAGGC-3 0 ). 15) Sequencing was performed using BigDye Terminator ver. 3.1 and ABI Prism 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA). DNA sequences were compared to others found in the DNA Data Bank using the on-line FASTA search engine (http://www.ddbj.nig.ac.jp/). All the sequences determined in this work have been deposited in DDBJ/EMBL/GenBank databases under accession nos. AB478962 to AB478977. All the sequences exhibited similarity greater than 99% with known species (Fig. 1) . Rhodococcus erythropolis, which showed high similarity to StLB057 and StLB097, has been found to degrade AHLs. 10) Agrobacterium larrymoorei, which showed high similarity to StLB055, has not been reported as an AHL-degrading species. As for the genus Agrobacterium, it has been reported that A. tumefaciens C58 produced N-(3-oxo-octanoyl)-L-homoserine lactone and also degraded various AHLs by its own AHL-lactonases, AiiB and AttM, 16) but strain StLB055 did not produce any AHLs (data not shown). In this study, we isolated three strains of B. silvestris as AHL-degrading Bacillus species. In the genus Bacillus, the B. cereus group, which includes B. anthracis, B. cereus, and B. thuringiensis, showed AHL-degrading activity and had an AHL-lactonase gene, aiiA.
14) B. silvestris have not been reported as an AHL-degrading species, and does not belong to the B. cereus group. We isolated 10 strains of Microbacterium testaceum as the major AHL-degrading bacteria isolated from the leaf surface. This is the first report on AHL-degrading bacteria belonging to the genus Microbacterium. We also checked the AHLdegrading activity of M. testaceum type strain ATCC 15829. ATCC 15829 did not show AHL-degrading activity (Table 1) . In this study, AHL-degrading M. testaceum strains were isolated from the eight leaves, which were collected from separate areas. Therefore, AHL-degrading M. testaceum might be widespread on the leaf surface of S. tuberosum.
To characterize AHL-degrading activity, we used two M. testaceum strains, StLB018 and StLB037, which belong to the major AHL-degrading species in this study. First, the time course of AHL degradation by StLB018 and StLB037 was evaluated. Full-grown cultures of the test strains were diluted 1:100 in fresh TSB medium containing 10 mM of C10-HSL. The reaction mixtures were incubated at 30 C with shaking and sampled at 0 h, 2.5 h, and 5 h. The residual AHL in the supernatant of the samples was visualized as a purple pigment using C. violaceum strain VIR07. C10-HSL (10 mM) was degraded completely after 2.5 h by StLB018 and StLB037, as well as by B. cereus ATCC 14579 ( Fig. 2A) . One of the AHL-degrading enzymes, AHLlactonase, degrades AHLs by hydrolyzing the lactone ring. Homoserine lactone rings hydrolyzed by AHLlactonase can be recircularized in acidic solutions. 17) Hence, to test for the presence of putative lactonase activity, we used a procedure described previously, with slight modifications. 17) Briefly, 90 ml of the supernatant of the reaction mixtures was mixed with 10 ml of 1 N HCl. After incubation for 48 h at 4 C, 20 ml of 1 M phosphate buffer (pH 7) was added for neutralization. The restored C10-HSL was detected by VIR07 biosensor. All of the degraded C10-HSL in the samples of StLB018 and StLB037 was restored by acidification ( Fig. 2A) . The reaction sample of B. cereus ATCC 14579, which has AHL-lactonase activity, also showed AHL restoration by acidification in this assay. Although AHLs are unstable at high pH and are nonenzymatically hydrolyzed, 18) the pH values of the culture supernatants of all the isolates were nearly neutral (data not shown). These results indicate that the putative AHL lactonase activities were also present in StLB018 and StLB037.
In a previous study, co-inoculation of AHL-degrading B. thuringiensis with P. carotovorum decreased symptom development in potato soft rot. 9) Hence, to test the possibility of using AHL-degrading bacteria to control bacterial infections mediated by AHL signals, we investigated the effects of StLB018 and StLB037 on the development of plant disease due to P. carotovorum subsp. carotovorum. The pathogenicity of P. carotovorum subsp. carotovorum was determined on potato slices by a previously described method, with slight modifications. 9) Briefly, P. carotovorum subsp. carotovorum NBRC 3830 and M. testaceum strains (StLB018 and StLB037) were grown in 4 ml of TSB medium for 15 h at 30 C. Cells were collected by centrifugation and resuspended with phosphate buffered saline (PBS). The potato slices were placed in Petri dishes with wet filter paper to keep them moist. The cell suspension of NBRC 3830 was mixed with an equal volume of PBS or the cell suspension of StLB018 or StLB037. The mixtures were inoculated on the plant surfaces and incubated for 24 h at 30 C. As shown in Fig. 2 , P. carotovorum subsp. carotovorum NBRC 3830 caused severe tissue maceration. However, co-inoculation of StLB018 and of StLB037 with NBRC 3830 attenuated soft rot symptoms (Fig. 2B) . M. testaceum ATCC 15829, used as a negative control without AHL-degrading activity, did not inhibit infection by NBRC 3830 (data not shown). In addition, StLB018 and StLB037 did not exhibit growthinhibiting activity against NBRC 3830 (data not shown). These results assume that the AHL-degrading activity of M. testaceum contributed to the degradation of AHLs and the interruption of soft rot symptoms, controlled by quorum sensing in NBRC 3830.
In conclusion, M. testaceum is an endophytic bacterium that resides within plant hosts without causing disease symptoms. 19) Therefore, M. testaceum strains, which were isolated in this study, might be useful in the biocontrol of plant diseases. 6 CFU/ml was mixed with an equal volume of PBS or a cell suspensions of StLB018 or StLB037 at 1:5 Â 10 8 CFU/ml. Each mixture (5 ml) was inoculated on potato slices. The inoculated potato slices were incubated for 48 h at 30 C.
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